Abstract -In a paper the acoustic method of measurement of speed and a direction of moving of turbulent air is discussed. It is proposed to increase resolution of Doppler's measuring device with shifting of frequency of heterodyne signal on 10%. For supervising of weak air turbulence it is suggested to measure total phase of Doppler's signal with respect to reference one.
I. INTRODUCTION
Measurement of speed and direction of movement of air streams always was a subject of steadfast investigations of scientists in all areas of human life and activity at all time. It is especially important to supervise moving of turbulent air when the researches on microwave propagation are carried out. Only when we have full representation about behavior of the turbulent air and synchronous measurement of parameters of an electromagnetic wave it is possible to determine the laws of influence of moving of turbulent air on parameters of an electromagnetic field [1] . On the other hand it is possible to solve reverse task -to control meteorological environment with direct measurements of parameters of propagated microwave [2] .
Widely used in meteorological supervision mechanical anemometers and instruments for measurement of a wind direction are essentially unsuitable when the investigations of microwave propagation are carried out. Owing to its inertia, these devices allow to get only integrated values of measured magnitudes. At the same time, there is certain interest to supervise the air turbulence which can change the value some times during carrying out of measurements with mechanical devices. The dynamic range and accuracy of these devices are low. Measurements can be spent only in a plane, at the best case.
Other ways of measurements (radar, optical) are unsuitable for local measurements.
In this paper it was discussed the acoustic method of measurement of speed and direction of movement of turbulent air.
The acoustic methods of speed measurement of turbulent air movement are well known. Ones based on the Doppler's effect and let us adequately measure the air movement speed AIR v up to 330 m/с -acoustic wave velocity in air SON v . The Doppler's frequency determined as
where TX f -radiated frequency of acoustic wave. The real value of wind speed (for most meteorological measurements not exceeds 30 m/c) results in insignificant changes of acoustic wave frequency (up to 10% in a best case). So, the resolution of Doppler's measuring device is not high, that especially affects at measurement of small speeds of moving of turbulent air. An attempt to increase the resolution results in adequate increasing of measuring time. This measuring time becomes commensurable with mechanical devices one. The increasing of frequency of acoustic wave does not result in positive effect because of acoustic wave attenuation rapidly increases with increasing of frequency.
II. APPROACH TO A PROBLEM
In this paper it is suggested to solve this problem with following manners.
The frequency of acoustic wave signal was chosen at 40 kHz. Transmitting and receiving air ultrasonic transducers for these frequencies are well supported, for example electronic parts EC4010-EC4018, Sencera Co. Ltd.
For the meteorological measurements we have taken into account that real wind speed not exceeds 33 m/s, so maximum Doppler's frequency shift will be ± 4 kHz in according (1) .
The picking out of Doppler's signal was carried out with traditional heterodyne manner. However, it is suggested to shift the frequency of heterodyne signal on 10% with respect to frequency of acoustic wave signal (result frequency of heterodyne signal will be 44 kHz or 36 kHz). This results in changes of frequency of useful Doppler's signal on the output of mixer unit in 0÷8 kHz range with respect to changes of wind speed in certain direction in ± 33 m/c. If there will not be any air movement, the frequency of mixer output signal will be 4 kHz.
If the useful signal we can represent as:
where A( t ) is an amplitude of signal, in general case it is time dependent value, then the total phase of signal is:
In equations 0 ω and 0 ϕ are initial frequency and initial phase of mixer output signal respectively. Value ( ) t ϕ represents Doppler's effect.
From the other hand, it was suggested do not measure the frequency of Doppler's signal, but measure the total phase of Doppler's signal with respect to reference signal with certain frequency. In our case this reference signal frequency will be 4 kHz.
This approach assumes the measuring of not only phase difference between two signals, that is in itself possible only at orthodox measurements of phase difference, when the frequencies of signals are strictly equal, but it assumes of measurements of cumulative phase of signal, where the number of phase cycles is counted [1] . In this case we will measure the difference of total phases of two signals. Taking into account such approach, there is an opportunity to carry out the phase measurements, when the frequency of one of two signals is changed in wide range. There is nothing non ordinary in this approach, if we will remember that eigenfrequency is the derivation of phase:
The solving of task with this manner assumes the assignment of the certain requirements on stability of frequency and phase of initial signals, shifted by the frequency signals and reference signals.
The frequency stability of mentioned above signals determines the accuracy of measurements. Because of there is no problem to realize all of signals with frequency stability at several parts per million (ppm), and taking into account that real measured data are of interest in 3-4 decimal digits, we can claim there is no error determined with frequency stability. The only we must do -use the crystal clock.
All of mentioned reasoning will be valid if the length of acoustic link will not exceed 3000 acoustic wave length with frequency stability we have assumed. In other words the changing of acoustic wave phase progression kd ( k is acoustic wavelength constant, d is link length) because of frequency changing must not exceed 1°. Taking into consideration the length of acoustic wave is near 8 mm, the maximum length of acoustic link will be 25 m. Really, for local air turbulence movement measurements we assume link length to be 0.2 m.
With the measurement approach, we have assumed, the phase difference between all of mentioned above signals must be strictly constant. In other words all of these signals must be derived from single oscillator.
The amplitude factor A( t ) we can not take into consideration because of the only argument of equation (2) is of interest for our measurements.
III. TECHNICAL SOLUTIONS According mentioned above reasoning there was realized unit, which forms all of required signals (Fig.1) .
All of signals are synchronized with single 320 kHz Oscillator. The oscillator realization is not on principle. It was convenient to use crystal-controlled inexpensive 8MHz oscillator with modulo 25 prescaler.
The 4-Digit Johnson's Counter forms multiphase clock. The frequency of each clock is 40 kHz, number of clocks is 8 and phase discrete is 45° respectively. The number of clocks (phase discrete) can be chosen another, e.g. 4 or 16, but in [3] it was shown that mentioned above number is optimal.
One of these clocks represents 40 kHz Initial Signal, which feeds ultrasonic transducer.
The Modulo 10 Prescaler in conjunction with 3-Digit Binary Counter form 4 kHz Reference Signal and three meanders with 16 kHz, 8 kHz and 4 kHz frequencies. These meanders control the address inputs of multiplexer.
The 8X1 Multiplexer commutes multiphase clock in single output with certain periodicity and certain law. So, the commutation period is determined with lowest control frequency 4 kHz. The signal phase sequence must be 0°, 45°, 90°, 135° etc. or 0°, 315°, 270°, 225° etc. The changing of phase of signal over the period T of the controlling signal with lowest frequency by 2π is tantamount to the frequency shift of the initial signal by the frequency Ω=2π/T. In this case the initial phase of the control signal is transferred into initial signal argument as well as frequency shift [4] . So, the first law of phase changing results in forming 36 kHz heterodyne signal on the multiplexer output, the second law -44 kHz one.
So, there were formed initial, heterodyne and reference signals for turbulent air movement measuring device with high frequency stability and strictly constant phase difference.
The presented method of measurement of air movement speed and direction allows to get 3D graphic presentation of the processes that take place in turbulent air i.e. allows fixing the velocity vector attitude. That is why the transmitting transducer and receiving ones should be placed with special manner. As well as we draw an analogy with geometric coordinate system we shall arrange them in such a way as shown on Fig.  2 , where A1 -transmitting transducer, and A2, A3, A4 -receiving ones.
The block-diagram of one of receiving channel units is shown on Fig.3 .
The signal from each receiving transducer is amplified and mixed with 44 kHz heterodyne signal.
The low pass filter picks up difference signal on the output of each mixer.
After limiting operation there are three signals the frequency of which adequately represent three orthogonal components of air movement vector. The last ones can be written as:
where i α -the angle which is formed with air movement vector and orthogonal one respectively. The frequency of each output signal is determined as sum of initial different frequency 4 kHz and signed Doppler's frequency, which is determined as (1) taking into account (5).
Initial phase of these signals is determined with acoustical length of corresponding link as a first approximation.
Certainly, the phase characteristics of all of parts of equipment must be taken into consideration. But these characteristics are constant and can be excluded with calibration procedure.
The physical lengths of acoustical links are constant too. But acoustical length depends on medium quality and must be taken into account in conjunction with measurements of air temperature, pressure, humidity etc. Certainly, the acoustical length does not determine the Doppler's frequency shift by itself. But the acoustical wave propagation constant, which depends on all off mentioned above factors, determines Doppler's frequency directly. So, taking into account the initial phase of all of these signals, we can consider the changes of medium characteristics and carry out the measuring of air movement with high accuracy.
Further, all of these three testing signals in conjunction with 4 kHz reference one must be processed with calculating unit. The reference signal has high frequency and phase stability and referring to its characteristics we can determine the characteristics of test signals.
In this paper we assume do not measure the frequencies of test signals and their phase difference with standard measurement devices, but we assume to combine the calculating and measuring of these parameters. The algorithms of calculating of frequency, phase difference and total phase are different for different values of measured magnitudes.
The resolution of determination of this frequency shift will be depend on resolution of measuring device as well as calculating one.
There are no reasonable limitations of increasing of resolution of measurement procedure. For 4 kHz test signal and reference one the time clock 4 MHz will be more than enough. So, the phase difference measurement resolution will be 0.36°. There are no difficulties to increase the frequency of time clock up to 40 MHz and more with increasing of corresponding phase difference measurement resolution. The modern microcontrollers with RISC-architecture let us to do that.
There are no any limitations of increasing of resolution of calculating methods at principle. In any case, the resolution of calculating methods with high-order magnitude will be realized easily.
Further, it will be very important to distribute correct the roles between measuring and calculating procedures and to assign corresponding microcontroller for each one. There will be reasonable to assign for each of channel of receiving the single microcontroller, which will be measure and pre calculate the required magnitude for each channel apart. The fourth microcontroller will collect all of measured data from measuring microcontrollers, will control with ones and will carry out only calculating procedure and will represent the required data.
The certain of interest there is the determination of parameters of slow air movement. Such movement results in weak Doppler's frequency shift. The direct measurement of this frequency shift is very complicated technically and involves to increasing of measurement time.
According technical solution we have assumed we do not measure this frequency shift directly but we measure the changing of phase difference between one of test signal with reference one. Furthermore, owing to using of combining measurement and calculating methods, we have an opportunity to accumulate the history of changing of phase difference and obtain the real value of any reasonable Doppler's frequency shift (air movement speed from 0 up to 33 m/c) at any time without any reasonable delay. So, we can obtain the phase difference data every 0.25 ms (4 kHz test signal and reference one) with high resolution and obtain, thus, the Doppler's frequency data every 0.5 ms. The only we must do -do not measure only phase difference, but obtain total phase of test signal with respect to reference one. The algorithm of calculating of total phase of signal is presented on Fig.4 .
Here, symbols PS, PL, PH there mean: the register of current phase measurement, the low register of total phase and the high register of total phase respectively. The abbreviation Sig. means "Signal". The numbers 0.25, 0.5 and 0.75 mean the filling of corresponding register. So, the register PS contains the current data of phase measurements. If the register is the 8-binary-digit one, the filling 1.0 (hexadecimal number FFh) corresponds phase difference 2π (0).
The register PL contains the phase difference data too. These data can vary from 0 up to 2π too. But this register holds the previous measured data. In other words by the each measurement the data into this register are reloaded.
The register PH contains the data of number of phase cycles. The concatenation of register PL and register PH represents the data of total phase of signal. By the analyzing of the contents of pair of these registers, we can obtain the air movement data every 0.5 ms (the calculating time is negligible).
Certainly, there are some restrictions on measurement procedure with mentioned above algorithm. So, the changing of phase difference from one to one measurement procedure must not exceed 90°. In other words the obtained data will be valid if the Doppler's shift not exceeds 1 kHz (up to 8 m/c air movement speed). These restrictions are determined with verification of 25% filling of registers we have assumed in this algorithm. For the measurement of more of air movement speed there is need to use another algorithm or measure the Doppler's frequency directly in simplest case.
IV. CONCLUSION
So, placing of three orthogonal acoustical links with single transmitter and three receivers it can get an accurate account about local 3D air turbulence with high resolution and without any inertia.
Certainly, the amplitude and phase of acoustic wave, which is propagated through air turbulence, change own amounts with relation to turbulence composition. The turbulence composition depends on meteorological parameters (temperature, pressure) and on the presenting in atmosphere of various gases, dust and other capacity distributed turbulences. All of them must be taken into account by the measurements.
So, in this paper it was shown, that there is a good opportunity to solve the problem of ecological monitoring with mentioned above method and (or) to carry out scientific investigations on microwave propagation. Furthermore, it can be find another application in industry, such as aerodynamics (motorcar-, aircraft-construction) and others.
